With the problem of charged insulator zero detection in UHV transmission line has become increasingly prominent, In this paper, We take the UHV transmission line as the background to design and develop a kind of insulator detection robot based on STM32, which can realize the automatic detection of insulator chain, this paper mainly introduces the electrical system design and mechanical design of insulator detection robot. The insulator detection robot greatly improves the efficiency of insulator detection and automation of power operation and maintenance, reduces the cost of manpower operation and creates higher economic and social benefits.
INTRODUCTION
As an important part of overhead transmission lines, the insulation performance of insulators is directly related to the safe operation of transmission lines. In recent years, with the construction of UHV power grid, the line operation voltage level is more and more high. The insulator chain reach tens of meters, the traditional manual detection has been unable to meet the requirements [1] . With the development of wireless communication technology, electromagnetic compatibility technology, _______________________ sensor technology and other comprehensive technology, developing a kind of insulator detection robot in UHV transmission line to replace the manual detection is very necessary. Through the robot automatic inspection, it can not only solve the problem that we could not realize the real-time detection in UHV insulator chain, but also improving the maintenance efficiency, detection accuracy and reducing the personnel cost [2] . 
SYSTEM DESIGN
The insulator detection robot realizes insulator zero resistance automatic detection of UHV transmission line by Using electromagnetic technology, wireless sensor technology, video image technology and multi technology integration, it can observe the robot real-time motion and insulator condition through the acquisition of video image. The product is shown in Figure 1 .
MECHANICAL DESIGN
The robot adopts a single side double arm climbing design that save a lot of mechanical movement space. It can automatically climb in insulator chain, and test the electrical performance of insulators according to the requirements so that the robot replaces some manual operation, improves safety and work efficiency, in addition it has compact structure easy to carry, easy to use and so on.
ELECTRICAL SYSTEM DESIGN
The robot controller uses a STM32L family of products, based on an ultralow power ARM Cortex-M4 processor kernel.
The motor and the motor driver are the key components of the robot, and it is directly related to the performance and operation safety of the robot. Considering the influence of the overall structure size and driving load, the brushless motor is adopted. Rated power is 60W, maximum continuous output current is 4A, peak current is 18A, maximum continuous output load is 60mNm, maximum speed is up to 15000rpm.
The robot wireless communication system adopts the 2.4GWiFi module, and the selected WiFi integration module supports the 802.11b/g/n wireless standard. Operating time ≥5h
Moving speed ≥0.03m/s
The principle of robot testing is in Table I . MCU uses the encoder to detect the angle in real-time to obtain the precise position of the robot arm, and then drives the motor to do the corresponding climbing action. The robot interacts with the remote control terminal through the wireless communication system to obtain the resistance value of the insulator string. Moreover, the position of the robot and the surface condition of the insulator can be obtained in real time through the video acquisition system
INSULATOR DETECTION MODULE DESIGN
The detection principle are in Figure 2 .The DC voltage of the 4V is raised to 2500V by using the DC/DC boost circuit module [3] , The robot attaches highvoltage to the insulators to be tested by a metal high pressure probe; The detection system collects current from insulators through current sensors, MCU can measure the insulators resistance by calculating the current, and pass the final test results through RS232 to the robot processing core stm32. In this way, the resistance value of the insulator can be transmitted to the ground control terminal in real time. If a low value insulator is detected, the robot will alert the operator
REMOTE CONTROL TERMINAL DESIGN
The remote control terminal, using C++ programming in WINDOWS environment, realizes functions such as robot control command interaction, robot status, insulator resistance value, environmental data display, image and video display, etc. It is specially equipped with handle for outdoor use. The architecture is shown in Figure 3 . 
FIELD TEST
In order to ensure the practicability and reliability of the product, the insulator detection robot has carried out many live test in the laboratory and a UHV line respectively. The field figure of the test is shown in Figure 4 . In the laboratory environment, the 50 pieces of insulators are connected into vertical chain, perpendicular to the ground and used to simulate the insulators on the actual lines. The insulators are powered up to 750KV at both ends. The insulator detection robot is first placed at the top of the first insulator, then automatically detects the resistance value of the insulator from top to bottom, and transmits the detected resistance signal to the ground control terminal in real time. During the whole experiment, the robot communication is normal and the data is transmitted accurately. 
CONCLUSION
The insulator detection robot designed in this paper realizes the automatic detection of zero value in UHV transmission line insulators, which can be adapted to the transmission lines with different voltage levels by changing the length of the climbing arm, At the same time, it adapts the climbing cross insulator and vertical string insulator, and It solves the problem that the insulator chain of UHV transmission line has been unable to live detection. The insulator detection robot greatly improves the efficiency of insulator detection and automation of power operation and maintenance, reduces the cost of manpower operation and creates higher economic and social benefits.
